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ABSTRACT

Becausdires in a chemical process faciligre a majorconcern when evaluatingublic health
hazards, a fire hazard assessment plays an important role in suppoctstredfective fire
protectiondesign, while meetinghe stringent safety requirementaposed by federandlocal

government regulations.

The components of a fire hazard assessment include conceptual fdesityn, operations
familiarization, identification of fire potential, hazard magnitude assessiwast of life and
property damage),design criteria, special requirementsgesign recommendations, fire
analyst/facility designer interaction, document analyses] design resolutions. At DOD
facilities, the fire protection systendesign assessme(ds required in MIL-HDBK-1008B, Ref.
1) is used as a fingheck to confirnthat thefire protectiondesignmeets thealesigncriteria and

assesses the design safety factor.

A fire hazard assessment in postulated scenarios idernitifeesexpected level of harm and
propertyloss resulting fromhe exposure to &ire andits toxic effluent. The results of the
assessment serve @idelinesfor designers to providadequatdire protection systems in order
to minimize the fire occurrence, contaithe release of hazardowsaterials, ensure process
control and safety featureeliability, achieve the acceptablevel of life safety, and reduce
property damages to aacceptabldevel. The keys to thenost cost-effectivedesignare to

conduct an assessment earlythie designand keep the@ssessment concurrenith the design

development.
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1.0 INTRODUCTION

The possibility of uncontrolled firaccidents in theehemical industries increasése concern
over the safety of thehemical process facilities. Tlggowingfire risk compels us toeevaluate
and improve ourcurrent methods and identify new approachedaaling with fires inthese
facilities. The primary goal of fire hazard assessment is to eliminate catastrophic fire incidents
throughthe identification of potentiaignition sources. A fire hazard assessment includes the
identification, assessment, and recommendations of cortinalswill preventinjuries and

damage.

The fire hazard assessment in chemical facilities is most effectively initiatbd design stage
and is carried on intethe operation of théacilities. A thorough fire hazard assessment can
establish intelligent “fire safety criteria” fatesigning achemical process facility gtat minimal

administrative procedures will be required in later plant operation.

The fire hazard assessment depends on a systematic approaemtiiying all the critical
locations of fire. The level of fire hazard identification depends on the familiarity and expertise of
the fire hazard analystThis assessment is an important step because, althoughalingst

impossible to exhaust all the fire cases, it is paramount not to miss the critical ones.

The fire hazard assessment evalu#ttedire occurrence potential, assestfesmagnitude of the
hazard, accounts for tH#e safety features, recommendssignrequirements, and documents
the analysis. Thgoal is toprovide an acceptable degree of fire safigign inorder to prevent

or reduce the possibility of the loss of life and property damage.
2.0 GENERAL APPROACH

A fire hazard assessment providiee minimum desigrcriteria that dire protection systermust
meet in order to satisfy applicalidesignconstraints. A fire hazard assessment perfordugihg
the design stagstarts with a review othe designdocument and continues to a selection of the
critical locations of fire. Aftetthe locationsare identified, a fire incident is postulated based on
the possible ignition sources and combustible loading wittahlocation; then, based on the

protection response, different fire scenaaos developedlhe consequence of fire hazards on
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potential hazard types is measured. Potential hazard types caroimdiaation of public illness,
personnel injury, toxic chemical releasad/or property damage. Based the fire protection
design policy, recommendatioase given to minimizethe fire hazards to an acceptab&vel.

The recommendationare commented on by both tlesign groupand management. The
approved recommendatiomsll be implemented in thdire protectiondesigncriteria. The fire
protectiondesigncriteria may require furthedesign capabilities. The feasibility tfe proposed
design changes &valuated before thaesign is implemented. After tliesign iscompleted, the

fire protection systendesign is analyzed to confirthat thedesignmeets thefire protection
designcriteria. Figure 1 outlines thdire hazard assessment in supporting a chemical process

design.

A fire hazard assessment will use a fire model to estimate the response time and measure both the
extent of damage and the level of the life safety in fire scenarios whelfieesthazard magnitude

is considered beyond a level that is generally covered by fire codes and standards. A fire model is
used to analyze the proposed design and measure the fire protection response meaidéairto

an acceptabl&evel of fire risk. The fire hazard assessment igfi@ctive tool to definghe fire
protection design criteria. The following subsections describthe method of approach in

performing a successful fire hazard assessment.
2.1 DESIGN FAMILIARIZATION

Before a fire hazardnalysiscan be developed, an analystist becoméamiliar with the design
requirements. Relevant information for time protection system comes frondasign discipline
interview and several documentation soureéesluding designdevelopment criteria, technical
drawings,and the system contrédgic diagrams.The designdocument describes the type of
construction, heightand arealimitation, occupancyclassification, and building separation.
Depending orthe stage of thedesigndevelopment, thelesign informationcan range from a
conceptual design requirement to the detailed process and instrumentation drawings (P&IDs) and

process flow diagrams (PFDs).
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A chemical procesdesign is a multidisciplinargffort thatcould require familiarity with many
technical areas. The chemical processewange through a wide variety of procestes have
unique characteristics. The plant operatiogic is developed describinthe process sequence,
and it breaks dowthe proces@to orderly subcomponents loyaking realistic assumptions and
simplifications.Project and procesdesigncriteria are reviewed to develop the plant operation

symbolic logic diagrams showing the functional relationship of the major equipment.

The scoping document descrilibe design policyandidentifies the requirements for the control
of hazards. The fire protection systesesign policy is usually aneasure of thepublic’s
acceptance of ask, combined with management policy concerning finanicisé acceptance

criteria.
2.2 ASSESSMENT PROCESS

A fire hazard assessment mustdtarted byidentifying the applicable fire standards and codes.
The following series of governinglocuments is used to evaluate the adequacy offitee
protection design:
* NFPA 10: Portable Fire Extinguishing System
* NFPA 13: Installation of Sprinkler Systems
* NFPA 15: Water Spray Fixed Systems
* NFPA 17: Dry Chemical Extinguishing Systems
* NFPA 72: National Fire Alarm Code
* NFPA 75: Standard for the Protection of Electronic Computer/Data Processing
Equipment
* NFPA 101: Code for Safety to Life from Fire in Buildings and Structures
* NFPA 1221: Installation, Maintenance, and Use of Public Fire Service Communication
Systems
* NFPA 2001: Clean Agent Fire Extinguishing Systems
* UBC: Uniform Building Code

A chemical process usually involves flammable chemicals, toxic compoandsgexplosive

materials. Giverthese components, the consequence dfeacan be beyond the scope of
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applicable fire codes and standards. A fire hazard assessgiflerdentify potential fires and
types of fire hazardghe consequence of fae is assessed by measuritite fire protection

response to a potential fire condition.
2.2.1 HRE HAZARD IDENTIFICATION

Fire is a product of fuel being ignited by an ignition reeuin the presence okygen. Therefore,

three parameter@uel, ignition source, and oxygerre needed for a fire to occur. Fopst fire
scenarios, the presence of oxygen is certain at the initial fire stage. Finding fire hazards requires a
systematic approach because of wide variety of chemical procestesigns. Most fire hazard
identification techniquesyriginally developed for the nuclear-type&cility, can beapplied to the
chemical industry. Fire hazardan be defined bidentification of (1) critical locations and (2)

credible fire scenarios.

To identify critical fire locations, an analyst needs to detine fire areas. A firearea is
considered as a boundary across which a finenikely to propagate. For example, area
separated by firgvalls or adetached structure @assified as a fire area. Eafite area can be
divided into fire zonesand eaclzone isprotected byits independent fire protection system.
Eachzone is further divided into compartmenisit are separatgdom each other byonfire-
rated walls (or less than a 1-hr fire wall). Critical compartments within eachazerdentified in

accordance with the following criteria:

(1) High probability of fire ignition

(2) Fast fire growth

(3) Extreme combustible loading

(4) Vulnerability of safety-related equipment
(5) Potential for injury or loss of life

(6) Significant financial loss

Fire scenarios are selected to include a worst-case sceffastype of scenario occurs when a
fire can cause thmost significant damage tbe safety-relateéquipment before any detection

and/or suppression is initiated. When safety-related equipment such as control panels or pressure
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safety valves become disabldatley can adverselympactthe safety of operation&achfire
scenariowill include the size of fire, fire protection system, sensitive equipment, and fire
propagationrate. Based orhistorical fire data, the worst-case scenariae developed and
evaluated. The historical firgata isconsidered in estimatirignition sources to initiate a fire. In
eachfire scenario after fire is initiated,the fire needs to beletected before theuppression is

started.

Fire detectors play a&ignificant role inthe success of anfire suppression measure. A poorly
selected fire detector results in the failure to respond during the critical fire growthrigume 2

is a schematic of a fire scenario with an automatic fire suppression system. Unacceptable fire
damage results from eithe¢he failure of the fire detection system or an unavailable fire

suppression system.

Fire-Initiating Event Fire Detection Auto. Fire Suppression Consequence

Functions

Acceptable Damage

Detection

No Function

Unacceptable Damage

No Detection Unacceptable Damage

Figure 2—Fire Event Tree for Areas with Automatic Fire Suppression System

Figure 3 is aschematic of a fire scenario with an automatic dietection system and a manual
fire suppression system. Unacceptable fire damage can be resulted by either the fduifieeof

detection system or the failure (or delay) of the manual fire suppression system.
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Fire-Initiating Event Fire Detection Manual Fre Suppresson Consequence

Activated
Acceptable Damage

Detection

Not Activated

Unacceptable Damage

No Detection
Unacceptable Damage

Figure 3—Fire Event Tree for Areas with Manual Fire Suppression System
2.2.2 HRE HAZARD ASSESSMENT

Two types of fires are postulated: those with acceptable fire damage and thoseaesitbptable
fire damage. Thacceptable firelamage ighe largest fireloss consequence in a fire location
with fire suppressioactuatedsuccessfully. The unacceptable fire damagéedargest possible
fire loss consequence in a fire locatioassuming no mitigatindire protection actions. To
establishthe minimum required fire protection featuresachfire scenario will beassessed for
eachcritical fire location. The assessmemtl considerthe effectiveness of thire barriers in

preventing the spread of fire between the fire locations.

From the event trees developed as showkigares 2 and 3, theost probable fire scenarios for

both the acceptable and the unacceptable fire types will be identified. The fire hazard assessment
usesthe postulatedire scenarios to determiriee extent of propertgamage or possible loss of

life. Assumingthat the fire suppression system operates successhdlyextent of thelamage

will be assessed based tre time needed to actuate tHae detectors for an acceptaliiee

damage. Irthe case of unacceptalfiee damage, howevethe fire suppression system fails to

operate, resulting in a fire that will continue until all the combustibles are consumed.

The traditional fire hazard assessment ukesequivalenfire severity by comparinghe total
heat of combustion of a given fugbackage with a knowmonstant. Themethodology for

estimating fire severitusingthe equivalenfire severityconcept is defined in Ref. (Section 6,
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Chapter 6). The standard time-temperature curve adoptédebymerican Society of Testing
and MaterialfASTM) is used as an approximation of fire severity in degree héugsre 4

shows the standard time-temperature curve as tabulated in NFPA 251 (Ref. 3).

2400

2000
1600 -7
1200

800

Temperature (°F)

400

0 1 2 3 4 5 6 7 8

Time (hours)

Figure 4—Standard Time-Temperature Curve

Based on the physical condition of the fire location, the size of fire, and the type of detectors, the
fire scenariocan bemodeled to determinéhe time for the actuation of fire detectors. The
response time ofieat detectors anfisible-linked sprinklersare calculatedising deterministic

fire models. These models calculate the activation tinteeoheat detectonssingphysical room
conditions such ashe room temperature, respongane index (RTI) forthe heat detectors,
activation and rate-of-rise temperatures of the heat deteatmos) dimensionsdetector

locations, and fire growth rate.

A more sophisticated fire hazard assessment relidéseodevelopment of computatiomabdels
involving heat transferfluid mechanicsand combustion chemistry. Thes®delscan estimate

the fire growthrate, temperaturase, andsmoke generation. The prediction tbk fire growth
characteristics would require defining the heat release rate, burning rate, radiative and convective

heat fluxes, thermal profile of the hot gas layer, and air temperature.
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Somefire modelspredict the occupartecisionsand actiongluring fire usingthe characteristics
of the occupants, status of the occupants, disthnoe exits, and possible obstructions (e.g.,
falling structure or dense smoke). Thesedelscan account for the fatality andjury rates in
such a postulated fire condition. The NFPA HiReotection Handbook (Ref. Zection 10,
Chapter 9), surveyshe available fire modelsand describes their applications and special

features.
2.3 IMPLEMENTATION OF ASSESSMENT FINDINGS

A successful fire suppression system is considered athatygrovides an acceptabpgobability

of successwvhile maintaining a lowinadvertent actuation failureate. A fire hazard analysis
identifiesthe optimal fire protection system fothe designed process. The analysis provides the
probability and consequence afccurrence ofvarious risksfor each system and offers
recommendations to minimize or eliminate the fire hazards. The fire protdetsamncriteria are
developed after the worst-caBee scenarios are postulatethe fire protectiordesigncriteria
define thebuilding separation,building layout, walls fire ratings, fire detection types (e.g.,
thermal detector), fire detection arrangement (smpcing requirement), alarand notification
types (e.g., audible alarm), fire suppression types (e.g., deluge system), fire suppegesiay,

fire suppression arrangement (e.g., nozzle spacing density), and sump and draining requirements.

MIL-HDBK-1008B (Ref. 1) outlineghe fire protectiondesigncriteria for DOD facilities. A fire
hazard assessmenill confirm that the fire protectiordesignmeets thedesign criteria and
assesses the design safety margiaccordancevith established fire protectiatesigncriteria as
outlined in MIL-HDBK-1008. Thefollowing areas and equipmerare included to confirm
compliance with MIL-HDBK-1008B:
+ Common Hazards
1. Heating Equipment
2. Power Generating and Utilization Equipment
3. Trash Collection and Disposal
» Special Occupancies and Hazards
» Water Supply for Fire Protection

4. Water Demand for Sprinklered Area
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5. Water Demand for Unsprinklered Area
6. Water Supply Pressure Requirements
7. Quantities of Water Required

8. Sources of Water Supply

9. Fire Pumps

10. Water Distribution System
» Fire Extinguishing Systems
11. Automatic Sprinkler Systems
12. Dry Chemical Extinguishing Systems
13. Portable Fire Extinguishers
* Fire Alarm Systems
14. Fire Alarm Reporting Systems
15. Fire Alarm Evacuation Systems

16. Automatic Fire Detection Systems

A fire hazard assessment is a powerful tihalt supportsthe designeffort. The assessment can
evaluate the proposdite protectiondesignsand predict thdire protection system response
during a worst possible fire condition. An early fire assessment prevents destiy changes or

retrofits after construction.

A fire hazard assessment shouldsterted as soon dise processlesigncriteria areestablished.
The benefit of an early start of a fire hazard assessment is that thewglaiihg separations and
fire areaidentificationscan minimize fire risks to adefined, controllable level. The fire hazard
assessmentan define thefire protection design criteria by understandinghe fire hazard

consequences and their likelihood.

A fire model should be developed to facilitdtee analysis of fire protection systems. The
model’'s sensitivity is measured by fluctuating inpatameters such as tfiee growthrate,fire
detector type and arrangemempmbustible loadingand fire suppression echanism. All
computerprograms used in performintpe fire hazard assessment should be validated and

verified before they are implemented in the fire modeling.
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3.0 SUMMARY

Because chemical processcilities can involve handling flammableand highly combustible
materials,the occurrence of dire can greatly jeopardize theperating personnel and the
facility’s safety. A confident fire protectiodesigncan only be establishedfter achieving a
thorough understanding tie potential for different types difes. Thispaper has outlined the
fire hazard assessment approactsupportingthe fire protectiondesign of a chemicglrocess

facility.

To recapitulate, thére hazard assessment begins with a review of dekignments. Based on
the design stagethe fire hazard analysis reviewan range from establishinthe basic design
criteria to the detailing of P&IDs and PFDs. Aftbe basic design physical barriesse oulined,
the fire codes and standardse reviewed to ensure that tfiee protection systendesign

complies with applicable fire codes and standards.

The critical fire locationsire selected based on thigh probability of ignition,fast growth rate,
extreme combustiblading, vulnerability okafety-related equipment, potential foss of life,
and significant financial loss. Theuccess of thdire protection system response determines
whether thdire loss isacceptableAmongthe acceptable and unacceptabie lossesthe most
credible fire lossewvill be analyzed to determinthe severity of both an acceptable and an

unacceptable fire loss.

The traditional fire hazard assessment ubesequivalenfire severity by comparinghe total
heat of combustion of a given fuel package with a knoamstant. The fire severity is measured
by the standard time-temperature curve in detpmes. However, this traditionalpproach in

fire safety assessment is natlequate in determining a specific fire scenario in a chemical

process facility, which may be beyond the expected fire magnitude level.

With the advent opowerful computer hardware and software, analgsesnow be performed
that were considered beyond dachnological capability just a few years ago. Many computer
modelsare availablethat can determine thesult of a postulated fire based tre detail and
accuracy of the input model. These fire models can determine the fire detector réispersel

the size ofthe fire whenthe fire suppression system &tivated. The fire severitsnodels can
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determine the structure response and, based on the characteristics of the occupaotigishe

can be used to evaluate the survival rate.

A fire hazard assessment results in a series of recommendationdlitlaaidress the adequacy of
the response time and the suppression capability. The recommendations esgalilishing fire
protectiondesign criteria andmodifications to improvethe safety of the personnel and the

facility during a fire.
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